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LIFE I N  SPACE - NEW ADVANCES I N  SPACE BIOLOGY 

An Interview with H. Bucker, 
Chairman of t h e  Study Group f o r  Biophysical Space 

Research, Frankfurt  am Main 

ABSTRACT. The sensa t iona l  r e s u l t s  of s c i e n t i f i c  r e s e a r c h  
i n  space have not  only given new f o r c e  t o  t h e  o ld  ques t ion  
of t r a c e s  of l i f e  on o t h e r  c e l e s t i a l  bodies ,  bu t  have l e d  
e s p e c i a l l y  t o  s t u d i e s  o f  how l i v i n g  organisms - from bac- 
t e r i a  t o  man - a r e  inf luenced  by t h e  condi t ions  of space .  
We have interviewed t h e  Chairman of t h e  Study Group f o r  
Biophysical Space Research a t  Frankfur t  am Main, Priv.-Doz. 
Dr. H. Bucker, concerning t h e  present  s t a t e  of knowledge i n  
t h i s  f i e l d .  

UMSCHAU: Dr. Bucker, dur ing  r e c e n t  years  a new research  f i e l d  c a l l e d  
"space biology" has acquired inc reas ing  importance. What i s  understood by 
t h a t  term, and what a r e  t h e  ob jec t ives?  

BUCKER: Space biology i s  t o  be,understood as e x t r a t e r r e s t r i a l  b i o l o g i c a l  
r e sea rch .  Two l i n e s  of research  may be d i s t ingu i shed  here ,  namely on t h e  
one hand t h e  e f f e c t  of t h e  var ious  f a c t o r s  i n  space on b i o l o g i c a l  organisms, 
and on t h e  o t h e r  t h e  search  f o r  l i f e  i n  t h e  cosmos. 

UMSCHAU: 
ear th?"  be  answered i n  t h e  l i g h t  of  present  knowledge? 

How can t h e  much d iscussed  quest ion "Is t h e r e  l i f e  o u t s i d e  t h e  

BUCKER: Before w e  say anything on t h a t  sub jec t  we must agree  on what w e  mean 
by " l i f e . "  
s e l v e s  are  t o  be r e f e r r e d  t o  as " l iv ing ,"  I f u l l y  be l i eve  t h a t  t h e  p o s s i b i l i t y  
of such lowest forms of l i f e  e x i s t  i n  our s o l a r  system. If on t h e  o t h e r  hand 
we are  th ink ing  of h igher  l i f e ,  s ay  of  animals and p l a n t s ,  t hen  our s o l a r  
system can be e l imina ted  with a fa i r  degree of c e r t a i n t y .  The e a r t h  appears  
t o  p l ay  a unique r o l e  he re .  For t h e  e n t i r e  un iverse ,  however, t h e r e  i s  a 
c e r t a i n  p r o b a b i l i t y  t h a t  h igher  l i f e  a l s o  e x i s t s ,  s i n c e  we may assume f o r  
many o t h e r  f i x e d  stars t h e  presence of a p l ane ta ry  system, and t h a t  i s  
what i s  r equ i r ed  t o  a f f o r d  t h e  condi t ions f o r  organic  l i f e  as w e  understand i t .  

If substances of high molecular weight which can d u p l i c a t e  them- 

Space Factors: Radiation and WeightZessness 

UMSCHAU: 
cerned is t h e  s tudy  of how space affects l i v i n g  organisms. 
s i d e r a t i o n  he re  i s  r a d i a t i o n  - protons ,  e l e c t r o n s ,  and heavy p a r t i c l e s .  
What effects have been observed on t h e  a s t ronau t s  during t h e  Gemini f l i g h t s ?  

One of t h e  problems wi th  which e x t r a t e r r e s t r i a l  b iophys ics  i s  con- 
The f i rs t  con- 
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BUCKER: Yes, r a d i a t i o n  i s  an important f a c t o r .  We'll come back t o  t h a t  l a t e r .  

A s  you know, up t o  now manned space f l i g h t s  have only been c a r r i e d  out  
a t  a low a l t i t u d e ,  beneath t h e  r a d i a t i o n  b e l t .  For t h a t  reason t h e  dosage has  
been q u i t e  low, some 8-16 mrad/day, and i s  s t i l l  wi th in  t h e  pe rmis s ib l e  dosage 
on t h e  e a r t h .  For t h a t  reason no e f f e c t s  of r a d i a t i o n  on t h e  a s t r o n a u t s  have 
been observable .  

Another t h ing  was discovered,  however. About 90% of  t h e  s o f t  p ro ton  dos- 
age t h a t  t h e  a s t ronau t s  were exposed t o  came from t h e  South A t l a n t i c  anomaly 
of  t h e  r a d i a t i o n  b e l t .  
t h e  e a r t h ,  t h e  hypo the t i ca l  d i p o l e  being s h i f t e d  by 340 km wi th  r e spec t  t o  t h e  
c e n t e r  of t h e  e a r t h .  
extends very  deep i n t o  t h e  e a r t h ' s  atmosphere i n  t h e  South A t l a n t i c .  While 
t h e  r a d i a t i o n  dosage during f l i g h t  through t h e  South A t l a n t i c  anomaly i s  s t i l l  
wi th in  t h e  permiss ib le  l i m i t s ,  t h e r e  i s  a chance he re  t o  s tudy  what e f f e c t s  
show up when f l y i n g  through t h e  r a d i a t i o n  b e l t .  

UMSCHAU: 
f l i g h t ,  when of course t h e  r a d i a t i o n  b e l t  around t h e  e a r t h  must be crossed? 
What r a d i a t i o n  in f luences  must t h e  as t ronauts  reckon on on t h e  moon a f t e r  they  
land? 

This  i s  caused by an anomaly of t h e  magnetic f i e l d  of 

For t h a t  reason the  mir ror  p o i n t  of t h e  r a d i a t i o n  b e l t  

. 

What i s  your opinion of t h e  r ad ia t ion  hazard i n  t h e  case  of  a moon 

BUCKER: I n  c ros s ing  t h e  r a d i a t i o n  b e l t  during a moon f l i g h t  doses might occur  
of  t h e  o r d e r  of magnitude of  s e v e r a l  rads .  
s u l e ,  i . e .  i n  o t h e r  words behind a sh ie ld  2 g/cm2 i n  th i ckness ,  w i l l  be about 
100 rad/day,  bu t  no harmful e f f e c t s  a r e  t o  be expected,  s i n c e  t h e  r a d i a t i o n  
b e l t  i s  passed through i n  a r e l a t i v e l y  shor t  t ime.  But l e t  me say f o r  pur-  
poses of comparison t h a t  here  on t h e  ea r th  we reckon wi th  a maximal a l lowable 
r a d i a t i o n  dose of 0 . 3  rad/week. 

The maximum i n s i d e  a Gemini cap- 
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In  appra i s ing  t h e  e f f e c t  of r a d i a t i o n  we must a l s o  t a k e  i n t o  account t h e  
f a c t  t h a t  t h e  s p e c t r a l  composition o f  the s o l a r  and a l s o  of t h e  g a l a c t i c  r a d i a -  
t i o n  i s  q u i t e  d i f f e r e n t  from t h a t  of t he  r ays  t h a t  w e  u se  he re  on t h e  e a r t h .  
I n  t h e  r a d i a t i o n  b e l t  we have a very  high p ropor t ion  of s o f t  r a d i a t i o n .  
g ives  a very  high s u r f a c e  dose,  bu t  a very low depth e f f e c t .  

This  

Then a f t e r  t h e  r a d i a t i o n  b e l t  has  been passed,  t h e  o t h e r  two components 
of t h e  r a d i a t i o n  come i n t o  p lay ,  namely s o l a r  and g a l a c t i c  r a d i a t i o n .  
r a d i a t i o n  provides  a cons tan t  r a d i a t i o n  component which i s  between 10 and 30 
mrad/day. This  r a d i a t i o n  i s  very hard ,  very p e n e t r a t i n g ;  a r a d i a t i o n  s h i e l d  
i s  p r a c t i c a l l y  impossible .  
p a r t i c l e s  i n  t h e  cosmic r a d i a t i o n  make an e s p e c i a l l y  high con t r ibu t ion  t o  t h e  
b i o l o g i c a l  e f f e c t .  

Ga lac t i c  

To t h i s  must be added t h e  f a c t  t h a t  t h e  heav ie r  

UMSCHAU: How many days can t h e  as t ronauts  spend on t h e  moon without s u f f e r i n g  
r a d i a t i o n  damage? 
warning s e r v i c e  perhaps be arranged there?  

S o l a r  f l a r e s  must represent  a s p e c i a l  danger .  Can a f l a r e  

BUCKER: A s  f a r  as g a l a c t i c  r a d i a t i o n  i s  concerned t h e  length  of t h e  a s t r o n a u t s '  
s t a y  on t h e  moon i s  unl imi ted .  S o l a r  f l a r e s ,  on t h e  o t h e r  hand, r ep resen t  a 
s e r i o u s  danger,  e s p e c i a l l y  as they  cannot be p red ic t ed  long i n  advance. When 
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a f l a r e  breaks out on t h e  sun it i s  observable  on t h e  e a r t h  a f t e r  e i g h t  minutes 
on t h e  b a s i s  of  t h e  electromagnet ic  r a d i a t i o n  ( e s p e c i a l l y  the  H a lpha  l i n e ) .  
High-energy protons e n t e r  t h e  e a r t h ' s  o r b i t  a f t e r  30 minutes a f t e r  t h e  out -  
break of t h e  f l a r e ;  low-energy protons r equ i r e  up t o  24 hours f o r  t h e i r  t r i p  
t o  t h e  e a r t h .  The time span remaining f o r  warning of  high-energy pro tons  
thus  amounts t o  about 20 minutes.  Within t h a t  s h o r t  time, then ,  so -ca l l ed  
"space walks'' must be broken o f f .  On the  moon t h e  a s t r o n a u t s  must w i th in  
t h a t  20 minutes g e t  back i n t o  t h e  luna r  landing appara tus  and t r y  t o  g e t  back 
i n t o  o r b i t  around t h e  moon i n  order  t o  take r e fuge  i n  t h e  Apollo capsule .  
While t h e  whole maneuver w i l l  l a s t  longer than  20 minutes,  so t h a t  t h e  a s t r o -  
nauts  r e c e i v e  t h e  r a d i a t i o n  spearhead of t h e  f l a r e ,  t h e  p r o t e c t i v e  e f f e c t  i n  
t h e  Apollo capsule  i s  s t i l l  cons iderable ,  s i n c e  t h e  g r e a t e s t  p a r t  o f  t h e  
r a d i a t i o n  dose does not  occur f o r  s eve ra l  hours .  

* UMSCHAU: The supersonic  and hypersonic  commercial p lanes  t h a t  w i l l  go i n t o  
s e r v i c e  dur ing  t h e  next  t e n  years  a r e  supposed t o  f l y  a t  he igh t s  of 20 km and 
more. What r a d i a t i o n  effects w i l l  passengers on t h e s e  p lanes  have t o  expect? 
This  ques t ion  i s  of course of s p e c i a l  importance t o  t h e  p lane  crews. ' 

BUCKER: This  i s  indeed a problem. A t  20 km t h e  f l y i n g  a l t i t u d e  of t h e  f u t u r e  
supersonic  p lanes  i s  i n  t h e  maximum of  t h e  secondary i o n i z a t i o n  of  t h e  g a l a c t i c  
r a d i a t i o n  i n  t h e  e a r t h ' s  atmosphere. 
due t o  s o l a r  f l a r e s ,  which may p lay  a pa r t  t h a t  cannot be overest imated,  
e s p e c i a l l y  i n  t h e  case of po la r  r o u t e s .  
energy of some thousands of  M e V ' s ,  wi th  a very high s o f t  component, which i s  
d e f l e c t e d  by t h e  e a r t h ' s  magnetic f i e l d  i n  e q u a t o r i a l  l a t i t u d e s ,  bu t  not  a t  
t h e  po le s .  Here aga in  we must reckon on doses of  s e v e r a l  r ads .  For t h a t  r eason  
cons ide ra t ion  i s  being given t o  extending t h e  f l a r e  warning system f o r  t h e  
moon-landing mission t o  supersonic  a i r  t r a f f i c  as we l l .  

A second p o s s i b l e  danger he re  aga in  i s  

These a r e  pro tons  i n  t h e  range of 

UMSCHAU: 
s h i p s  o r  p l anes  due t o  r a d i a t i o n ?  

Is t h e r e  reason t o  expect any changes i n  t h e  ou te r  s k i n  of space 

BUCKER: If you mean by t h a t  ma te r i a l  f a t i g u e  e f f e c t s  and modi f ica t ions  of t h e  

f o r  t h a t .  
s u r f a c e  by nuc lea r  t ransmutat ion,  so t h a t  cau t ion  i s  requi red  e s p e c i a l l y  i n  
maintenance work on t h e  ground. 

UMSCHAU: 
Are any effects  on t h e  human organism t o  be expected from t h a t  cause? 

c r y s t a l  l a t t i c e ,  t h e  answer i s  no, f o r  t he  r a d i a t i o n  i n t e n s i t i e s  a r e  t o o  low /6 
On t h e  o t h e r  hand r ad ioac t ive  r a d i a t i o n s  may be induced on t h e  

Another p e c u l i a r i t y  of f l i g h t  i n  space is  t h e  s t a t e  of weight lessness .  

BUCKER: That problem i s  s t i l l  by no means c l ea red  up. In  p a r t i c u l a r  t h e  pos- 
s i b i l i t y  must be inves t iga t ed  t h a t  some e f f e c t s  may be s t rengthened o r  weakened 
by t h e  combination of weight lessness  and exposure t o  r a d i a t i o n .  

I t  can be s a i d  with some confidence t h a t  a deminera l iza t ion  of t h e  bones 
comes about through weight lessness .  
g r e a t e r  i n  t h e  Gemini a s t ronau t s  t han  i n  a group of con t ro l  s u b j e c t s  who main; 
t a i n e d  a b s o l u t e  bed res t  during t h e  same time. 

This deminera l iza t ion  was s i g n i f i c a n t l y  
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Another e f f e c t  of weight lessness  c o n s i s t s  i n  t h e  fac t  t h a t  o r i e n t a t i o n  
d i f f i c u l t i e s  a r i se ,  e s p e c i a l l y  when o p t i c a l  o r i e n t a t i o n  i s  rendered d i f f i c u l t  
o r  impossible .  This  case  may e .g .  occur i n  darkness i n  t h e  space v e h i c l e  o r  
i f  t h e  eyepieces  a r e  misted over .  I t  was r epor t ed  f o r  example t h a t  i n  one 
of t h e  American space walks  t h e  v e n t i l a t i o n  of  t h e  space s u i t  was not  adequate.  
This  caused t h e  f r o n t  window t o  fog over a t  eye l e v e l .  
s l i g h t l y  d i s o r i e n t e d  on t h a t  account and got i n t o  a heightened s t a t e  of ex- 
c i t emen t . '  This  r e s u l t e d  i n  increased  p e r s p i r a t i o n ,  s o  t h a t  t h e  v i s u a l  condi- 
t i o n s  were s t i l l  f u r t h e r  impaired. 

The a s t ronau t  became 

S a t e l l i t e  Experiments 

UMSCHAU: The American B i o s a t e l l i t e  I1 exposed va r ious  p l a n t s  and animals t o  
t h e  e f f e c t s  of r a d i a t i o n  and weight lessness  i n  space f o r  s e v e r a l  days.  
germs are r epor t ed  t o  have grown faster  than on e a r t h .  
t h e  growth of r o o t s  and leaves was unoriented;  i . e .  t h e  r o o t s  e .g .  grew upward. 
What new knowledge was gained from t h i s  b i o s a t e l l i t e  experiment? 

BUCKER: The main purpose of t h a t  series of experiments was t o  i n v e s t i g a t e  t h e  
e f f e c t  of weight lessness  and t h e  combined e f f e c t  of weight lessness  and r a d i a -  
t i o n  on va r ious  l i v i n g  organisms. In order  t o  i n t e g g i f y  t h i s  combined e f f e c t ,  
a r a d i o a c t i v e  r a d i a t i o n  source conta in ing  s t ront ium 
s a t e l l i t e .  I t  i s  t r u e  t h a t  a completely unoriented growth was found i n  t h e  
p l a n t s ,  and t h i s  provided a confirmation of t h e  f a c t  t h a t  t h e  o r i en ted  growth 
on t h e  e a r t h  ( roo t s  downward) i s  t o  be a t t r i b u t e d  l a r g e l y  t o  g r a v i t y .  

Wheat 
, A s  was t o  be expected, 

was i n s t a l l e d  i n  t h e  Bio- 

UMSCHAU: Various i n s e c t s  and b e e t l e s  a l s o  flew with t h e  B i o s a t e l l i t e  11. 
What p e c u l i a r i t i e s  were observed i n  these  animals? 

BUCKER: 
animal sub j e c t  . 

The f l o u r  b e e t l e  TriboZiwn was packed i n t o  t h e  B i o s a t e l l i t e  I1 a s  an 

UMSCHAU: What s c i e n t i f i c  l abora to ry  experiments on t h i s  complex of problems 
are being c a r r i e d  out  i n  Germany? 

BUCKER: 
Germany t h a t  are t o  be c a r r i e d  as p a r t  of t h e  payload i n  s a t e l l i t e s .  
f o r  example D r .  Lotz of t h e  Zoological  I n s t i t u t e  of t h e  Univers i ty  of Frank- 
f u r t  i s  ca r ry ing  out an experiment with leeches .  
t h e  e f f e c t s  of weight lessness  i n  a s a t e l l i t e  f o r  up t o  a yea r .  

Bio logica l  experiments are being prepared i n  t h e  Federal  Republic of 
Thus 

They a r e  t o  be exposed t o  

We i n  our s tudy  group are us ing  a d i f f e r e n t  s u b j e c t ,  namely photogenic 
b a c t e r i a .  
can be t r a n s m i t t e d  by r a d i o  t o  t h e  e a r t h  as a p o s i t i v e  i n d i c a t i o n  of t h e i r  
v i a b i l i t y .  

They have t h e  advantage t h a t  t h e  glowing i s  r e a d i l y  measurable and 

But before  t h e s e  payloads a r e  packed i n t o  a s a t e l l i t e ,  experiments should 
f i rs t  be done with h i g h - a l t i t u d e  rocke ts .  We a r e  a l i t t l e  s o r r y  t h a t  t h e  Ger- 
man s a t e l l i t e s  a r e  mainly reserved  f o r  phys ica l  researches  and t h a t  a l l  t h e  
p l aces  on them a r e  booked up. 
American s a t e l l i t e  i n  t h e  next  f e w  years .  

But w e  hope t o  be a b l e  t o  ge t  a p l ace  on an 
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A t  t h e  I n s t i t u t e  f o r  Aerobiology D r .  P e t r a s  has exposed b a c t e r i a  i n  high- 
a l t i t u d e  rocke t s  t o  t h e  e f f e c t s  of u l t r a v i o l e t  r a d i a t i o n  and vacuum. H e  found 
t h a t  a vacuum has only a s l i g h t  e f f e c t ,  but t h a t  u l t r a v i o l e t  r a d i a t i o n  has  a 
very  d e s t r u c t i v e  e f f e c t  on t h e  b a c t e r i a .  

Laboratory Experiments on the  Ground Simulate Space Conditions 

UMSCHAU: 
f o r  example be t r anspor t ed  t o  t h e  e a r t h ?  You have c a r r i e d  out  vacuum exper i -  
ments on t h i s  ques t ion  i n  o rde r  t o  determine whether a microorganism could be 
t r anspor t ed  from one p l ane t  through space t o  another  p l a n e t .  
r e s u l t  o f  t h e s e  experiments? 

Are t h e r e  l i v i n g  organisms i n  space o r  on o t h e r  p l a n e t s  t h a t  could 

What was t h e  

EUCKER: The po in t  of our  i n v e s t i g a t i o n s  was t o  determine whether t h e  vacuum /8 
, of o u t e r  space poss ib ly  r ep resen t s  a b a r r i e r  t o  t h e  t r a n s p o r t  of l i v i n g  organ- 

i s m s .  I t  has  long been known t h a t  e . g .  b a c t e r i a  can su rv ive  even i n  an ex- 
treme vacuum. A s  a t e s t  we i n v e s t i g a t e d  t h e  deso rp t ion  i n  an extreme vacuum, 
o r  i n  o t h e r  words how many molecules i f  any were given o f f  from t h e  su r face  
of t h e  b a c t e r i a .  I t  was found t h a t  more than  anything e lse  t h e  l o s s  of water 
p l ays  a d e c i s i v e  r o l e  i n  t h e  s u r v i v a l  of t h e  bacter ium. 
l o s s  of water was found t o  be a d e c i s i v e  f a c t o r .  The r a p i d i t y  with which t h e  
vacuum i s  increased  a l s o  p lays  a p a r t .  We are now ca r ry ing  out i n v e s t i g a t i o n s  
t o  determine whether b a c t e r i a  can surv ive  slow evacuat ion which are k i l l e d  by 
r a p i d  evacuat ion .  

I 

The r a p i d i t y  of t h e  

UMSCHAU: Do t h e s e  i n v e s t i g a t i o n s  a f f o r d  any b a s i s  f o r  dec id ing  whether i t  i s  
necessary o r  even s e n s i b l e  t o  s t e r i l i z e  space v e h i c l e s  before  sending them t o  
o t h e r  p l a n e t s ?  

BUCKER: Yes, it i s  known t h a t  spores  of b a c t e r i a  o r  fungi  are present  a t  g r e a t  
a l t i t u d e s ,  s ay  40 km up. 
t h e  ground t o  g e t  contaminated aga in  i n  f l y i n g  through those  s t ra ta .  

I t  would thus  b e  p o s s i b l e  f o r  rocke t s  s t e r i l i z e d  on 

UMSCHAU: 
r a d i a t i o n  of  space,  how can w e  imagine such a p a r t i c l e ' s  l eav ing  t h e  f i e l d  of 
g r a v i t y  o f  one p l ane t  and s o  g e t t i n g  t o  another  p l a n e t ?  

BUCKER: A p a r t i c l e ,  such e .g .  a s  a bacterium o r  a v i r u s ,  i s  exposed on a p l a n e t  
t o  va r ious  f o r c e s ,  -- first g r a v i t a t i o n ,  second r a d i a t i o n  p res su re ,  and 
f i n a l l y  thermal molecular motion. I f  we take account of a l l  t h e s e  f a c t o r s  and 
c a l c u l a t e  them, we come t o  t h e  conclusion t h a t  it is  extremely improbable t h a t  
a bacter ium can leave t h e  g r a v i t a t i o n a l  f i e l d  of one p l ane t  t o  t r a v e l  through 
space and a r r i v e  a t  another  p l a n e t .  I t  i s  t h e r e f o r e  p r a c t i c a l l y  impossible  
f o r  p a r t i c l e s  such as b a c t e r i a  from t h e  e a r t h ' s  atmosphere t o  ge t  i n t o  free 
space and s o  poss ib ly  reach o t h e r  p l ane t s .  
f e r e n t  wi th  r e spec t  t o  p l ane to ids  of e . g .  only 100 o r  200 km i n  diameter .  
There might be such a p o s s i b i l i t y  t h e r e .  But t h a t  would s t i l l  only mean t h a t  
m i c r o p a r t i c l e s  could ge t  from very small c e l e s t i a l  bodies  i n t o  space,  and no t  
t h e  o t h e r  way around, say from t h e  e a r t h .  

If w e  assume t h a t  a microorganism r e s i s t s  both t h e  vacuum and t h e  

/9- 
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Limitations of Space Travel 

UMSCHAU: 
manned space f l i g h t  p r o j e c t s ,  because a t  t h e  high speeds necessary  new e f f e c t s  
come i n t o  p l ay .  
t h e  Doppler e f f e c t ,  which because of  t h e  inc reas ing  a c c e l e r a t i o n  causes  u l t r a -  
v i o l e t  l i g h t  t o  s t r i k e  t h e  space s h i p  as X-ray r a d i a t i o n .  Where a r e  t h e  
l i m i t s ,  and how far  can a manned space sh ip  go, i n  view of t h e s e  e f f e c t s ?  

Radiat ions of va r ious  kinds set  c e r t a i n  l i m i t a t i o n s  as t o  range f o r  

I am th ink ing  he re  p a r t i c u l a r l y  of t h e  "proton b a r r i e r "  and 

BUCKER: 
t h e  accomplishment of such i n t e r s t e l l a r  f l i g h t s  does not  appear poss ib l e .  

First of a l l  we must r ea l i ze  t h a t  i n  t h e  p re sen t  s t a t e  of t h e  a r t  

You know, of course,  t h a t  i n t e r s t e l l a r  space i s  not  empty, but conta ins  
protons i n  a concen t r a t ion  of about one p a r t i c l e  p e r  cm3. 
pro ton  r a d i a t i o n  e x e r t s  a b i o l o g i c a l  e f f e c t .  Now it is  t h e o r e t i c a l l y  a matter 
of i n d i f f e r e n c e  whether t h e  protons a r e  i n  motion and s t r i k e  aga ins t  a s ta -  
t i o n a r y  o b j e c t  o r  whether t h e  protons exh ib i t  only a s l i g h t  motion and an  
ob jec t  i s  moved a t  g r e a t  speed through t h i s  p ro ton  suspension.  
i s  only t h e  r e l a t i v e  v e l o c i t y  of  t h e  protons and t h e  o b j e c t .  

t h e  pro tons  s t r i k i n g  a g a i n s t  it cause a r a d i a t i o n  i n  t h e  o rde r  of magnitude 
of 10,000 MeV. That corresponds t o  t h e  speed of a q u i t e  r e spec tab le  p a r t i -  
c l e  a c c e l e r a t o r  ( t e l ep ro ton  synchrotron about 30,000 Mev). By analogy t o  
t h e  son ic  b a r r i e r  o r  t h e  thermal b a r r i e r  we thus  encounter a "proton b a r r i e r "  
a t  1 /4  t h e  speed of  l i g h t .  

We have seen t h a t  

What ma t t e r s  
If t h e  space 

s h i p  a t t a i n s ,  say ,  one q u a r t e r  of t h e  speed of  l i g h t ,  i . e .  75,000 km/sec. /E 

If  w e  should eve r  g e t  p a s t  t h i s  b a r r i e r ,  no t  f a r  below t h e  speed of  l i g h t  
we should come t o  another  l i m i t ,  which i s  imposed by t h e  Doppler e f f e c t ,  bu t  
t h i s  b a r r i e r  i s  r a t h e r  of  t h e o r e t i c a l  than p r a c t i c a l  i n t e r e s t .  
g r e a t  v e l o c i t y  t h e  l i g h t  of  t h e  stars i s  s h i f t e d  t o  s h o r t e r  and s h o r t e r  wave- 
l eng ths ,  s o  t h a t  f i n a l l y  t h e  space veh ic l e  i s  exposed t o  an X-ray r a d i a t i o n .  

Because of t h e  

But even t h e  "proton b a r r i e r "  a t  one q u a r t e r  t h e  speed of l i g h t  poses 
problems of  p r o t e c t i o n  aga ins t  r a d i a t i o n  t h a t  are ha rd ly  t o  be solved a t  t h e  
p re sen t  s t a t e  of t h e  a r t .  A t  t h e  high r e l a t i v e  v e l o c i t y  of space s h i p  and 
protons t h e  impact produces secondary e f f e c t s ,  neut rons ,  X-rays, e t c . ,  which 
can ha rd ly  be screened out a t  reasonable  expense. 

UMSCHAU: 
l o g i c a l  p o s s i b i l i t y  of  t h a t  -- approached t h e  proton b a r r i e r ?  

And how f a r  would a space s h i p  ge t  whose speed -- given t h e  techno- 

BUCKER: 
slower r a t e  of a l l  v i t a l  p rocesses  is of t h e  o rde r  of magnitude of 1%. 
t h e  increased  exposure t o  r a d i a t i o n  a t  the  pro ton  b a r r i e r  would cancel  out 
t h i s  time ga in ,  s i n c e  t h e  l i f e  of men would be shortened by t h e  e f f e c t  o f  t h e  
r a d i a t i o n .  

A t  about 1/4 t h e  speed of l i g h t  t h e  b i o l o g i c a l  t ime ga in  due t o  t h e  
But 

We might t h e r e f o r e  argue somewhat as fo l lows:  1/4 t h e  speed of l i g h t  re- 
p re sen t s  t h e  rea l ,  u l t i m a t e  l i m i t  t h a t  we can ever  achieve.  
i n  four  yea r s  we t r a v e l  t h e  d i s t a n c e  of one l i g h t  yea r .  The n e a r e s t  f i x e d  
s t a r ,  Alpha Centaur i ,  i s  fou r  l i g h t  years  away from our  s o l a r  system. 
reach it would thus  take a voyage of a t  least  16 years  and t h e  r e t u r n  voyage 

That means t h a t  

To 
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would last  j u s t  as long. Even i f  men determined t o  make such a voyage, it 
can s t i l l  be s t a t e d  t h a t  t h e  n e a r e s t  f ixed  star,  Alpha Centaur i ,  r e p r e s e n t s  
t h e  abso lu te  l i m i t  o f  manned space t ravel .  
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